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DQGDSSO\LQJQHZHIILFLHQWV\VWHPVLQHDFKEXLOGLQJ)ROORZLQJWKHGHFRXSOHGGHVLJQPDWUL[RIVXFKUHQRYDWLRQ LW LVSRVVLEOH WRREWDLQ WKH








1. The NZEB concept 
7KH UHFDVW RI WKH(QHUJ\3HUIRUPDQFH %XLOGLQJ'LUHFWLYH
(3%' >@ FDXVHG VRPH LPSRUWDQW FKDQJHV LQ WKH EXLOGLQJ








7KLV SDSHU LQWHQGV WR ILQG SUHOLPLQDU\ LQGLFDWRUV IRU WKH
IHDVLELOLW\ RI DFKLHYLQJ D QHDU]HUR HQHUJ\ FRQGLWLRQ ZKHQ
DOUHDG\H[LVWLQJEXLOGLQJVDUHVXEMHFWHGWRDPDMRUUHQRYDWLRQ








DW ORZ WHPSHUDWXUH 7KHUHIRUH LQ D WKHUPRG\QDPLF V\VWHP
WKHUH LV DOZD\V URRP WR UHFRYHU KHDW DW ORZ WHPSHUDWXUH
PDNLQJ LW UHODWLYHO\ HDV\ WKH XVH WKH KHDW IRU GRPHVWLF KRW
ZDWHURUIRUVSDFHKHDWLQJDSSOLFDWLRQV2QWKHFRQWUDU\QRQ
GRPHVWLF EXLOGLQJV FODLP IRU FRROLQJ EHFDXVH RI WKH KHDW
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SURGXFHG LQVLGH DV ZHOO DV IRU WKH SURGXFWLRQ RI HOHFWULFDO
HQHUJ\
7KH QHW ]HUR HQHUJ\ EXLOGLQJV FRQFHSW GLIIHUV IURP WKH
QHDU]HURLGHDE\DVVXPLQJWKHSRVVLELOLW\RIDQDYHUDJH]HUR
EDODQFHLQVWHDGRIDUDQJHRIDFFHSWDQFH
$FFRUGLQJ WR WKH (3%' LW LV D UHVSRQVLELOLW\ RI WKH
0HPEHU 6WDWHV 06 WR GHILQH WKH OLPLW IRU WKH SULPDU\
HQHUJ\ FRQVXPSWLRQ 7KH OLPLW RI SULPDU\ HQHUJ\ VKRXOG
DOORZ DFKLHYLQJ WKH FRVW RSWLPDO VROXWLRQ REWDLQHG EHWZHHQ
WKHQHWSUHVHQWYDOXHRI WKH LQIUDVWUXFWXUHDQG WKHFRVWRI WKH
HQHUJ\GXULQJDWLPHIUDPH>@
%RWK FRQFHSWV RI HQHUJ\ EXLOGLQJV KDYH WR GR ZLWK WLPH
ERXQGDULHVVSDFHERXQGDULHVDQGHQHUJ\GHILQLWLRQV>@7KH
FRPPRQWLPHERXQGDU\LVWKHDYHUDJH\HDUEXWPDQ\DXWKRUV




UHQHZDEOH HQHUJ\ SURGXFHG LQVLGH WKH IRRWSULQW RI WKH
EXLOGLQJ LQ VSDFHV FORVH WR WKH EXLOGLQJ RU RIIVKRUH WKH
EXLOGLQJ DUHD ,W LV HVSHFLDOO\ LPSRUWDQW WR GHVLJQ D YHU\
HIILFLHQW EXLOGLQJ LQ WKH LQVWDQFH RI SURGXFLQJ UHQHZDEOH
HQHUJ\RQVKRUH>@
,Q D ZLGHU YLHZ WKH EDODQFH PD\ WDNH LQWR DFFRXQW WKH
UHQHZDEOH HQHUJ\ FRQWHQW RI WKH QDWLRQDO HOHFWULFDO QHWZRUN
PDNLQJLWHDV\WRDFKLHYHD1=(%
7KH ]HUR RU QHDU]HUR HQHUJ\ WDUJHW PD\ WDNH LQWR
FRQVLGHUDWLRQ WKHXWLOLW\ HQHUJ\ FRPLQJ LQ DQGJRLQJRXW WKH
EXLOGLQJ WKXV IRUFLQJ WKH UHQHZDEOH SURGXFWLRQ RQVLWH WR
PDWFK WKH DPRXQW RI HQHUJ\ WKDW LV XVHG LQ WKH EXLOGLQJ
$QRWKHU SRVVLEOH EDODQFH XVHV WKH SULPDU\ HQHUJ\ DQG WKH
FRQYHUVLRQ PXOWLSOLHUV EHWZHHQ WKH ILQDO HQHUJ\ DQG WKH
VRXUFHVRIHQHUJ\,WLVZRUWKQRWLFLQJWKDWWKHSULPDU\HQHUJ\
EDODQFH UHTXLUHV WKH VXSSRUW RI WKH QDWLRQDO HOHFWULFDO JULG





SULPDU\ HQHUJ\ E\ XVLQJ WKH SULPDU\ HQHUJ\ IDFWRUV 3()
7KH DYHUDJH 3() RI WKH (8 LV FORVH WR  >@ EXW LQ
FRXQWULHVZLWK KDOI RI WKH HOHFWULFLW\ FRPLQJ IURP UHQHZDEOH
HQHUJ\VRXUFHV5(63()LVORZHUWKDQ
7KLVSDSHUZLOO IROORZ WKH QHW]HUR DQG QHDU]HUR HQHUJ\
LQWHUSUHWDWLRQ SURSRVHG E\5(+9$ )HGHUDWLRQ RI(XURSHDQ
+HDWLQJ9HQWLODWLRQDQG$LU&RQGLWLRQLQJ$VVRFLDWLRQVWDVN
IRUFH >@ IROORZLQJ WKH IORZV RI HQHUJ\ WKDW DUH GHSLFWHG LQ
)LJ$VVXFKWKHEXLOGLQJDOOWKHUHODWHGWHFKQLFDOV\VWHPV
DQGWKH5(6DUHORFDWHGLQVLGHWKHFRQWUROYROXPHWKDWLVXVHG
WR HYDOXDWH WKH EDODQFH EHWZHHQ WKH LQSXW DQG WKH RXWSXW
SULPDU\HQHUJ\7KH IORZVRIHQHUJ\PLJKWHQVXUH WKHQHHGV
RI D ³W\SLFDO XVH RI WKH EXLOGLQJ´ LH WR HQVXUH WKH
UHTXLUHPHQWV RI KHDWLQJ FRROLQJ KRW ZDWHU YHQWLODWLRQ
OLJKWLQJDQGWKHHQHUJ\IRUDSSOLDQFHV













0RUHRYHU WKH VDPH VWXG\ VKRZV VRPH UHVXOWV IRU SLORW
RIILFHEXLOGLQJVWKDWJRIURPWRN:ÂKPÂDLQ)UDQFH
DQG+ROODQG>@
7R DGGUHVV WKH 1=(% LQ WKH UHQRYDWLQJ VWRFN WKLV SDSHU
XVHV WKH LQIRUPDWLRQ FRQWHQWV FDOFXODWHG ZLWK WKH V\VWHPV¶
IXQFWLRQV RI WKH HQHUJ\ GLVWULEXWLRQ RI D VHW RI ILYH H[LVWLQJ
EXLOGLQJV7KH IXQFWLRQRIHDFKEXLOGLQJDULVHV IURP WKH VXP
RIWKHFRQWULEXWLRQVRIWKHWHFKQRORJLFDOSDUDPHWHUVWXQHGLQD
VHTXHQFHGHILQHGE\WKHGHVLJQHTXDWLRQ6HFWLRQKLJKOLJKWV
WKH GHVLJQ HTXDWLRQ DQG WKHRUL]HV WKH ZD\ RI FDOFXODWLQJ WKH
LQIRUPDWLRQZKLOHVHFWLRQVDQGDSSO\WKLVDSSURDFKWRWKH
ILYHEXLOGLQJV
2. The design equation 
,Q WKLV VHFWLRQ WKH GHVLJQ HTXDWLRQ >@ LV VHW IRU1=(%
DQG D WKHRUHWLFDO DSSURDFK WR JHW WKH V\VWHP IXQFWLRQ LV
GHYHORSHG XVLQJ IX]]\ QXPEHUV &KHFNLQJ ZKHUH WKH
LQIRUPDWLRQ LV QLO ZLOO JLYH LQGLFDWRUV IRU WKH IHDVLELOLW\ RI
DFKLHYLQJDQHDU]HURHQHUJ\EXLOGLQJ
7KH (3%' DQG WKH 5(+9$ JXLGHOLQHV IRU DFKLHYLQJ
1=(%IRFXVRQWKHQHHGRIUHGXFLQJWKHLQWHUQDOORDGVRIWKH
EXLOGLQJ SULRU WR DSSO\LQJ RWKHU WHFKQLTXHV 7KH HQHUJ\
FRQVXPHG LQ D EXLOGLQJ DOVR GHSHQGV RQ WKH EXLOGLQJ
HQYHORSH WKH (8 WUHQG EHLQJ WKH LQFUHDVH RI WKH EXLOGLQJV¶
LVRODWLRQ )XUWKHUPRUH LW LV KHOSIXO WR FKRRVH YHU\ HIILFLHQW
OLJKWLQJ FRQWURO V\VWHPV DQG KHDWLQJ FRROLQJ DQG UHODWHG
V\VWHPV OHDYLQJ WR 5(6 WKH SURGXFWLRQ RI WKH UHPDLQLQJ
HQHUJ\QHHGV
7KHUH DUH VRPH FRQWULEXWLRQV RI $' WR WKH EXLOGLQJ
LQGXVWU\>@DQGWRWKHHFRGHVLJQ>@DUHDVRIUHVHDUFK
WKDWZLOOEHQHILW IURP WKH IUDPHZRUNRI$'2QHRI WKHNH\
WDVNV RI WKHVH FRQWULEXWLRQV LV WKH FRUUHFW VHWWLQJ RI WKH
IXQFWLRQDO UHTXLUHPHQWV )5V >@ WR H[SUHVV WKH GHVLJQ








 '3,QWHUQDO ORDGV ZKLFK VKRXOG EH PDGH VPDOO E\
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DGMXVWLQJ WKH RFFXSDQF\ WKH OLJKWLQJ V\VWHP DQG WKH
DSSOLDQFHV
 '32YHUDOO WUDQVPLWWDQFH FRHIILFLHQW DQG VRODU IDFWRUV
RIWKHEXLOGLQJ




8VXDOO\ D EHWWHU HQYHORSH ZLOO UHGXFH WKH QHHGV RI
KHDWLQJZKLOH LQFUHDVLQJ WKH QHHGVRI FRROLQJZKLFKPDNHV
WKH ULJKW FKRLFH RI WKLV V\VWHP VRPHZKDW GHSHQGHQW RI WKH
LQWHUQDO ORDGV $Q\ZD\ WKH RYHUDOO WUDQVPLWWDQFH RI WKH
EXLOGLQJPD\SOD\DNH\UROHLQD1=(%EHFDXVHWKHRYHUDOO
LQWHUQDO ORDG ZLOO EH ORZHU ZKHQ FRPSDUHG WR D FRPPRQ
EXLOGLQJ
2QLWVZKROHWKHW\SHRIWKHWHFKQLFDOV\VWHPVRIDFHUWDLQ
EXLOGLQJ PLJKW EH VHOHFWHG DFFRUGLQJ WR 5(6 VLQFH LW PD\
GHSHQG RQ WKH UHFRYHU\ RI KHDW IURP 5(6 7KH W\SH RI
WHFKQLFDOV\VWHPVLVLQGHSHQGHQWRIWKHEXLOGLQJDQGRILWVXVH
DVZHOODVIURPWKHW\SHRI5(6
7KH IROORZLQJ HTXDWLRQ H[SUHVVHV WKH DIRUHPHQWLRQHG
















V\VWHPVDQG WKHXVHRIHQHUJ\ WKHQ WKHGHVLJQHTXDWLRQZLOO
FKDQJH $VD UHVXOW WKHFRQVXPSWLRQRI WKH OLJKWLQJFRQWURO
DQGRI WKH WKHUPDO V\VWHPVZLOOGHSHQGRQ WKH LQWHUQDO ORDGV
DQGRQWKHWUDQVPLWWDQFHRIWKHEXLOGLQJHQYHORSH$WODVWWKH
5(6VKRXOGIXOILOOWKHQHHGVRIWKHEXLOGLQJZKLFKGHSHQGRQ
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(TXDWLRQ  VKRZV D GHFRXSOHG GHVLJQ PHDQLQJ WKDW
FKDQJLQJ'3LPLJKWRFFXUDIWHU'3LKDVEHHQVHWWOHG7KLVLV
D YHU\ FRPPRQ SURFHVV LQ HQJLQHHULQJ FDOFXODWLRQV PDNLQJ
WKH DFKLHYHPHQW RI WKH )5 IXQFWLRQ SUHVHQWHG LQ WKLV VHFWLRQ
XVHIXO IRU RWKHU HQJLQHHULQJ DSSOLFDWLRQV ,Q IDFW WKH
FRQWULEXWLRQRID'3VXEMHFWHGWRWKHWXQLQJRIWKHSULRURQHV
LV WKH GLIIHUHQFH EHWZHHQ WZR VXFFHVVLYH UHVXOWV RI D
VLPXODWLRQZKLFKDOORZVJHWWLQJWKHUHTXLUHGIXQFWLRQDOUHVXOW
7KHUHIRUHOHW(EHWKHRYHUDOOHQHUJ\XVHRIDEXLOGLQJLQD
VWDQGDUG QRPLQDO VWDWH RI RSHUDWLRQ 7KH RYHUDOO HQHUJ\ ZLOO
FKDQJH WR ( GXH WR WKH YDULDWLRQ į'3 7KH YDOXH RI WKH
HQHUJ\ZLOOFKDQJHWR(E\VHWWLQJXS'3WKURXJKDFKDQJH
į'3 7KH GLIIHUHQFH EHWZHHQ WZR VXFFHVVLYH YDOXHV RI WKH
XVHRIHQHUJ\(L±(L LVGXHWR WKH LPSDFWRIį'3L DVVXPLQJ
WKHSULRUVHWWLQJVRIDOOWKHIRUPHU'3VDVVKRZQRQ(T

߂௜ሺߜܦ ௜ܲหߜܦ ௝ܲǡሺ௝ୀଵǡ௜ିଵሻሻ ൌܧ௜ିଵ െ ܧ௜   

$OO WKHHYDOXDWLRQVRIWKHXVHRIHQHUJ\HQFRPSDVVHUURUV
2QH FDQ GHDO ZLWK WKRVH HUURUV E\ IX]]LI\LQJ (L WKURXJK D
PHPEHUVKLS IXQFWLRQ 0) ȝ(L FRQYHUWLQJ (T  LQWR D
IX]]\ILHGIRUPDFFRUGLQJWR(T

Ɋ߂௜ ൌ Ɋܧ௜ିଵሺെሻɊܧ௜    

$VDFRQVHTXHQFH WKH0)RI WKHHQHUJ\XVHUHODWHG WRDOO
WKH Q '3V LV JLYHQ E\ WKH IX]]\ QRPLQDO HQHUJ\ PLQXV WKH
IX]]\VXPRIWKHYDULDWLRQVDVSHU(T

Ɋܧ ൌ Ɋܧ଴ሺെሻሺσ ሻɊ௡௜ୀଵ ߂௜ିଵ   

2WKHUZLVH LW LV DOVR SRVVLEOH WR REWDLQ WKH 0) ȝǻL RQ D
EDVLVRIH[SHULHQFHDQGRISULRULQGLFDWRUV
,QWHUHVWLQJO\(TLVDZD\WRDFKLHYHWKH0)RIDGHVLJQ




7KLV IDFW VKRZV WKH LPSRUWDQFH RI JHWWLQJ WKH GHVLJQ
HTXDWLRQSULRU WR HYDOXDWH WKH0) KHQFH FORVHO\ UHODWLQJ WKH
$'¶VD[LRPVDQG
7KH IX]]\ IXQFWLRQ RI WKH HQHUJ\ DOORZV FRPSXWLQJ WKH
LQIRUPDWLRQFRQWHQW WDNLQJ LQWRDFFRXQW WKHFRPPRQDUHDRI
WKH PHPEHUVKLS IXQFWLRQ DQG WKH DUHD RI WKH ZKROH V\VWHP
UDQJH7KHDUHDVDUHFRPSXWHGXVLQJWKHPHPEHUVKLSIXQFWLRQ
RI WKH HQHUJ\ XVH LQ WKH XQLYHUVH RI GLVFRXUVH DFFRUGLQJ WR
(TZKHUH/LVWKHXSSHUOLPLWRIWKHHQHUJ\XVH





ቇ   
3. The energy performance of the buildings 
7KH HQHUJ\ XVH LQ D EXLOGLQJ LV VKDUHG PDLQO\ EHWZHHQ
DSSOLDQFHV OLJKWLQJ DQG DLUFRQGLWLRQLQJ +9$& $FFRUG
LQJO\ WKH IHDVLELOLW\ RI D QHDU]HUR HQHUJ\ EXLOGLQJ ZLOO
LQFUHDVHZLWKWKHVSUHDGRIQHZOHGWHFKQRORJLHVIRUOLJKWLQJ
QHZ ORZ HQHUJ\ FRPSXWHUV DQG DSSOLDQFHV PRUH HIILFLHQW
+9$& V\VWHPV DQG PRUH HIILFLHQW RIILFH V\VWHPV ,Q ZKDW
FRQFHUQVWRWKHSURGXFWLRQRIHQHUJ\5(6DUHEHFRPLQJPRUH
HIILFLHQW WKH QHZ SKRWRYROWDLF 39 PXOWLMXQFWLRQ FHOOV
DOORZLQJ FXUUHQWO\ DFKLHYLQJ HIILFLHQFLHV KLJKHU WKDQ 
7KLVZLOOPDNHSRVVLEOHWRVXSSO\DOPRVWDOOQRZDGD\VWKUHH
WR ILYHVWRU\ EXLOGLQJV XVLQJ 39 SDQHOV FRYHULQJ WKH ZKROH
URRI
 +RZWKHEXLOGLQJVZHUHHYDOXDWHG
7R FKHFN WKH IHDVLELOLW\ RI DFKLHYLQJ D1=(% WKLV SDSHU
VWXGLHV WKH UHIXUELVKLQJ RI ILYH GLIIHUHQW H[LVWLQJ EXLOGLQJV
H[SRVHGWRWKHVDPHGHQVLW\ORDGV7KHEXLOGLQJVDUHORFDWHG
LQWKHPLGGOHDUHDRI3RUWXJDO7KLVDUHDEHORQJVWRWKH(FRI\V
(8 FOLPDWLF ]RQH WZR ZKLFK FRQWDLQV PRVW RI WKH FHQWUDO
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]RQHRI3RUWXJDODQG6SDLQVRXWKRI)UDQFHPRVWRI,WDO\WKH
ZHVWHUQ%DONDQVDQGWKHQRUWKRI*UHHFH
7DEOH  VKRZV WKH ORFDWLRQV RI EXLOGLQJV % WR % WKHLU
GLPHQVLRQDOFKDUDFWHULVWLFVDQGWKHLUDQQXDOILQDOHQHUJ\XVH




7KH EXLOGLQJV KDYH VKDSH IDFWRUV IURP  WR  D
UHODWLRQ EHWZHHQ WKH RXWVLGH DUHD DQG WKH YROXPH RI WKH
EXLOGLQJ 7KH KLJKHU WKH VKDSH IDFWRU WKH PRUH WKH RXWGRRU





 % % % % %
/RFDWLRQ /LVERQ 6DQWDUpP /LVERQ 6HW~EDO 6HW~EDO
)ORRU$UHD
>P@     
6KDSHIDFWRU
>P@     
5RRI$UHD
>P@     
(OHFWULFLW\
XVHG




>N:ǜKD@ 1$    1$

7KHVH EXLOGLQJV XQGHUZHQW D FHUWLILFDWLRQ SURFHVV
DFFRUGLQJ WR WKH IRUPHU WUDQVFULSWLRQ RI WKH (3%' WR WKH




7KHHOHFWULFLW\XVHG URZ ILYHRI7DEOH LVHYDOXDWHGE\
DYHUDJLQJ WKH YDOXHV RI WKH LQYRLFHV RI WKH ODVW WKUHH \HDUV
EHIRUH WKH FHUWLILFDWLRQ $W WKH WLPH RI WKH FHUWLILFDWLRQ WKH
UHFRUGV RQ SUHYLRXV HOHFWULFLW\ FRQVXPSWLRQ RI EXLOGLQJ %
DQG % ZHUH QRW DYDLODEOH EHFDXVH WKH\ ZHUH IUHVKO\
UHIXUELVKHG





RI WKH HOHPHQWV RI WKH EXLOGLQJ LQ WKH EOXHSULQWV DQG LQ WKH
VLWHLQRUGHUWRHVWLPDWHWKHUHDOWKHUPDOFKDUDFWHULVWLFVRIWKH
EXLOGLQJ $W ODVW LW LV QHFHVVDU\ WR VXUYH\ DOO WKH HOHFWULFDO
HTXLSPHQW DQG WR PHDVXUH WKH FRQVXPSWLRQ RI WKH PRVW
LPSRUWDQWV\VWHPV
1H[WDOOWKHGLPHQVLRQVDQGWKHWKHUPDOGHILQLWLRQVRIWKH
EXLOGLQJ DUH VHW LQ D WKHUPDO DQDO\VLV FRPSXWHU SURJUDP ,Q
WKLVFDVHZHXVHG(QHUJ\3OXVZLWK WKH'HVLJQ%XLOGHU
LQWHUIDFH $OO WKH VFKHGXOHV DQG SRZHUV RI WKH URRP
HTXLSPHQWV ZHUH LQWURGXFHG VR WKDW WKH DYHUDJH DQQXDO
FRQVXPSWLRQ RI ³URRP HOHFWULFLW\´ OLJKWLQJ KHDWLQJ DQG
FRROLQJ FRXOG EH FRPSXWHG LQWHU DOLD $ SRVW SURFHVV
RSHUDWLRQ DOORZV DFFRXQWLQJ DOO WKH GHYLFHV QRW LQFOXGHG LQ
WKHDQDO\VLVSURJUDP
 6HWWLQJWKHORDGV
7KH WKHUPDOPRGHOVGHVFULEHG LQ WKHIRUPHUVHFWLRQDOORZ
FRPSXWLQJWKHHQHUJ\XVHRIHDFKRQHRIWKHILYHEXLOGLQJVDW
DQ\QHZ ORDGFRQGLWLRQ)RU WKHSXUSRVHRIFHUWLILFDWLRQ WKH
PRGHOV DUH HPSOR\HG WR FDOFXODWH WKH XVH RI HQHUJ\ DW SUH
GHILQHGQRPLQDOSRZHUGHQVLWLHVDQGVFKHGXOHV
( UHSUHVHQWV WKH ILUVW VHW RI FDOFXODWLRQV DW WKH QRPLQDO
FRQGLWLRQV DFFRUGLQJ WR WKH FHUWLILFDWLRQ UXOHV 5HJDUGLQJ %
DQG % WKH VZLWFKLQJ FHQWUHV ZHUH FRQVLGHUHG DV VLPLODU WR
RIILFHVLQRUGHUWRDOORZFRPSDULQJWKHUHVXOWV
+HQFH WKH EXLOGLQJV XQGHUWRRN D VLPLODU FDOFXODWLRQ
SURFHVVE\VHWWLQJIRUWKWKHYDULDWLRQVRIHDFK'3DQGJHWWLQJ
WKH HQHUJ\ QHHGHG IRU UXQQLQJ WKH EXLOGLQJ DW WKRVH
FRQGLWLRQV,QRUGHUWRVHW'3WKHRFFXSDQF\FKDQJHGWR
PSHURFFXSDQWWKHURRPORDGVIRUDOORIILFHHTXLSPHQWZDV
UHGXFHG WR :P DQG WKH OLJKW SRZHU ZDV VKRUWHQHG WR 
:P ,Q UHDOLW\ $6+5$( $PHULFDQ 6RFLHW\ RI +HDWLQJ
5HIULJHUDWLRQ DQG $LU&RQGLWLRQLQJ (QJLQHHUV VWDWHV WKDW
URRP ORDGV PD\ YDU\ IURP  WR  :P DW 
PZRUNVWDWLRQZLWKODSWRSVDWWKHZRUNVWDWLRQVDQGDVKDUHG










































































7KH FROXPQ ³5RRP HOHFWULFLW\´ RI DQ RIILFH EXLOGLQJ
DFFRXQWV IRU FRPSXWHUV WHOHSKRQHV DQG RWKHU DSSOLDQFHV
³/LJKWLQJ´ DFFRXQWV IRU WKH XVH RI HQHUJ\ IRU OLJKWLQJ WKH
VSDFHV DW D  OX[ LOOXPLQDQFH ³+HDWLQJ HOHFWULFLW\´
DFFRXQWV IRU DOO HTXLSPHQW KHDW SXPS IDQV DQG RWKHU
HTXLSPHQW QHFHVVDU\ IRU PDLQWDLQLQJ WKH URRPV DW D
PLQLPXP RI  & GXULQJ WKH ZRUNLQJ KRXUV ³&RROLQJ
HOHFWULFLW\´ DFFRXQWV IRU HQVXULQJ WKH 6XPPHU FRPIRUW
WHPSHUDWXUH RI  & DFFRXQWLQJZLWK WKH HQHUJ\ LQ FKLOOHU
DQG DX[LOLDU\ HTXLSPHQW GXULQJ WKH FRROLQJ SHULRG 7KH
HVWLPDWLRQ RI ( WR ( DFFRXQWV IRU WKH SHUIRUPDQFH RI WKH
UHIULJHUDWLRQ HTXLSPHQW RQ VLWH ZKLOH ( DFFRXQWV IRU DQ
HIILFLHQWFRROLQJDQGKHDWLQJGHYLFH
,Q WKH VLPXODWLRQV( DQG(8 LV WKH HVWLPDWHG YDOXH RQ
VLWHRIWKHJOREDOFRQGXFWLYLW\RIWKHZDOOZLWKYDOXHVEHWZHHQ
DQG:P&,QWKH(FDOFXODWLRQ8ZDVVHWFORVHWR
:P & LQ DFFRUGDQFH WR WKH UHIHUHQFH YDOXHV RI WKH
QHZ WKHUPDO UHJXODWLRQ >@ ,Q WKH FDOFXODWLRQV QR FKDQJHV
RFFXULQWKHZLQGRZVDVWKH\DOUHDG\IROORZWKHVRODUIDFWRUV
DQGWKHFRQGXFWLYLW\DVSUHVFULEHGLQWKHQHZUHJXODWLRQ
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)LQDOO\WKH³7RWDOHOHFWULFLW\´VXPVDOOWKHDIRUHPHQWLRQHG
HQHUJLHVSOXV WKHXVHRI HQHUJ\ LQ YDULRXV HTXLSPHQWVRI WKH
+9$& V\VWHP WKH HQHUJ\ IRU OLIWV JDUDJHV DQG IRU DOO WKH
RWKHUDSSOLDQFHVQRWLQFOXGHGLQWKHIRUPHUFDWHJRULHV$WODVW
( UHSUHVHQWV WKH HQHUJ\ XVH E\ HPSOR\LQJ WKH QHZ HIILFLHQW
V\VWHPV )RU WKLV HYDOXDWLRQ LW ZDV VHW D PRUH SHUIRUPLQJ
OLJKWLQJ V\VWHP DQG D PRUH HIILFLHQW +9$& V\VWHP ,Q WKH
IRUPHU LWZDVDGRSWHGDGLPPLQJFRQWURO V\VWHP LQRUGHU WR





D VSHFLILF IDQ SRZHU RI :PV RQ VXSSO\ DQG UHWXUQ
ZKLFK FRUUHVSRQGV WR WKH EHVW FODVV DFFRUGLQJ WR (1
>@0RUHRYHU RQH DVVXPHV WKH XVH RI YDULDEOH IORZ LQ WKH






















































$V H[SHFWHG WKH GHFUHDVH LQ HQHUJ\ LQ RIILFH EXLOGLQJV





DYRLGVKDGHV LVDQ LPSRUWDQW LVVXHZKHQ LQVWDOOLQJ39SDQHOV
LQ RUGHU QRW WR FDXVH H[WUD HOHFWULFDO UHVLVWDQFHV LQ WKH 39
FLUFXLWV ,Q WKLV VWXG\ DYRLGLQJ VKDGHV LV IHDVLEOH RQ DOO
EXLOGLQJVH[FHSW%ZKLFKLVORFDWHGFORVHWRKLJKEXLOGLQJV











WKH SDQHOV 7KH KRUL]RQWDO DYHUDJH VXQ UDGLDWLRQ LQ D \HDU LV
N:ǜKPǜDIRU/LVERQIRU6DQWDUpPDQGIRU
6HW~EDO
4. The information content 
$OOHQHUJ\UHVXOWVIURPDWKHUPDOVLPXODWLRQSURJUDPPD\
YDU\ LQ D UDQJH RI  7KHUHIRUH WKH HQHUJ\ DW QRPLQDO





VLPLODU EHKDYLRU WR ( VR WKDW LW LV SRVVLEOH WR ILQG ȝǻ
DFFRUGLQJWR(T2QWKHRWKHUKDQGVHWWLQJȝǻGHSHQGVRQ
WKH LQIOXHQFH RI WKH LVRODWLRQ ZKRVH WKHUPDO UHVLVWDQFH PD\
GURSE\GHSHQGLQJRQ WKH WKHUPDOEULGJLQJ$VD UHVXOW
ȝǻLVVHWDVDWULDQJXODUIXQFWLRQZLWKDORZHUOLPLW³D´
OHVV WKDQ WKH FRUH DQG DQ XSSHU OLPLW ³E´ HTXDOLQJ ³P´ 7KH
FRUH YDOXH ³P´ LV VHW E\ VXEWUDFWLQJ ( WR ( $ VLPLODU
UHDVRQLQJ DSSOLHV IRU UHDFKLQJȝǻ E\ DVVXPLQJ ³D´ DV
OHVVWKDQWKHFRUHYDOXHDQG³E´HTXDOLQJWRWKHFRUH$FWXDOO\
(8529(17 WKH (XURSHDQ &RPPLWWHH RI WKH $LU +DQGOLQJ
DQG 5HIULJHUDWLRQ 0DQXIDFWXUHUV DFFHSWV D YDULDWLRQ XS WR
LQWKHHIILFLHQF\RIWKHUHIULJHUDWLRQV\VWHP,QDGGLWLRQ
WKH FRQWURO V\VWHPV DQG WKH KXPDQ EHKDYLRU PD\ SOD\ DQ
LPSRUWDQW UROH LQ WKH HQHUJ\ XVH ZKLFK PDNHV LW SRVVLEOH D
UHGXFWLRQRILQWKHSHUIRUPDQFHRIWKHHQWLUHV\VWHP
$SSO\LQJ (T  WR WKH GDWD RI 7DEOH  DQG WDNLQJ LQWR
DFFRXQW WKH GHVFULEHG FDOFXODWLRQV RQH FDQ FRPSXWH ȝ(
8VLQJ DJDLQ EXLOGLQJ % DV DQ H[DPSOH WKH QRPLQDO IX]]\
HQHUJ\ VWDWHV DV ȝ( 7 WKH UHGXFWLRQ RI
LQWURGXFLQJ DOO '3V LV ȝǻ 7 ZKLFK DOORZV






% % % % %
D     
P     
E     

7REHDEOHWRUHGXFHWKHHQHUJ\XVHWRDQHDU]HURYDOXHLW
LV QHFHVVDU\ WR SURYLGH HQHUJ\ ,Q WKLV VWXG\ WKH PHQWLRQHG
39 V\VWHP ZLWK  QRPLQDO HIILFLHQF\ OHWV WR GHILQH D
WULDQJXODU 0) VWDWHG DV ȝ39 7 *HWWLQJ WKH
DQQXDO HQHUJ\ SURYLGHG E\ WKH 39 V\VWHP DQG VXEWUDFWLQJ LW
IURPWKH0)RI7DEOHDOORZVREWDLQLQJWKH0)RIWKHHQHUJ\
XVHRIHDFKEXLOGLQJ
,Q WKHDEVHQFHRI UHJXODWLRQV WKHSULPDU\HQHUJ\ OLPLW IRU
DQ1=(%ZDVVHWDVN:ǜKP∙D8VLQJWKH0)RIHDFK
EXLOGLQJ LW LV WKHQ SRVVLEOH WR FDOFXODWH WKH LQIRUPDWLRQ
FRQWHQWRIHDFKGHVLJQ
)LJXUHGHSLFWV WKH LQIRUPDWLRQFRQWHQW IRUHDFKYDOXHRI
WKH UHODWLRQ EHWZHHQ WKH 39 DUHD DQG WKH IORRU DUHD 7KH






WKH LQIRUPDWLRQ FRQWHQW 0RUHRYHU )LJ  H[SUHVVHV WKDW DOO























7KLV SDSHU KHOSV WR FKHFN WKH IHDVLELOLW\ RI DWWDLQLQJ D
EXLOGLQJ ZLWK QHDU]HUR HQHUJ\ 1=(% QHHGV ZKHQ DQ
H[LVWHQWRIILFHEXLOGLQJXQGHUJRHVDPDMRU UHQRYDWLRQ ,WZDV
IRXQGSRVVLEOHLQEXLOGLQJVLQWKH(FRI\VFOLPDWH]RQHWZRDV
ORQJ DV WKHSKRWRYROWDLF 39SDQHO DUHD UHDFKHVRI WKH
IORRUDUHDRIWKHEXLOGLQJ,WLVDOVRQHFHVVDU\WKDWWKHEXLOGLQJ
KDVDORZLQWHUQDOORDGZLWKDSSOLDQFHVGHQVLW\RI:PDQG
D OLJKWLQJ GHQVLW\ RI :P0RUHRYHU WKH RIILFH EXLOGLQJ
PLJKW EH UHIXUELVKHG XVLQJ DQ HIILFLHQW FRQWURO OLJKW V\VWHP
DQG DQ HIILFLHQW DLU FRQGLWLRQLQJ V\VWHP 7KH RYHUDOO XVH RI
SULPDU\ HQHUJ\ LQ WKH EXLOGLQJ ZDV VHW WR  N:ǜKPǜD
ZLWKDWKHSULPDU\HQHUJ\IDFWRURI
3HFXOLDUO\ WKH LVRODWLRQDQG WKHVKDSHIDFWRURIDEXLOGLQJ
KDYHDUHGXFHGLQIOXHQFHLQWKHHQHUJ\XVHRIWKHEXLOGLQJRU
LQ RWKHU ZRUGV WKH LQIOXHQFH RI WKH H[WHUQDO FRQGLWLRQV LV D
PLQRU IDFWRU WR DFKLHYH D 1=(% LQ WKLV FOLPDWH ]RQH 7KLV
FRQFOXVLRQPDNHV LWSRVVLEOH WRXVH WKH VDPHSULPDU\HQHUJ\
LQGLFDWRUWRGHILQHD1=(%LQVOLJKWO\GLIIHUHQWFOLPDWLFDUHDV
%HVLGHV LW VKRZV WKDW LW LV VRPHKRZ XVHOHVV WR LQFUHDVH WKH





IX]]\ PHPEHUVKLS IXQFWLRQ 0) IRU WKH SHUIRUPDQFH RI D





7KHDXWKRUVJUDWHIXOO\ WKDQN WKH VSRQVRUVKLSRI)XQGDomR






V\VWHPV IRU =HUR (QHUJ\ %XLOGLQJ 5HQHZDEOH DQG 6XVWDLQDEOH (QHUJ\
5HYLHZVSS±
>@ .XUQLWVNL - 6DDUL $ .DODPHHV 7 9XROOH 0 1LHPHOD - 7DUN 7 &RVW
RSWLPDO DQG QHDUO\ ]HUR Q=(% HQHUJ\ SHUIRUPDQFH FDOFXODWLRQV IRU
UHVLGHQWLDO EXLOGLQJV ZLWK 5(+9$ GHILQLWLRQ IRU Q=(% QDWLRQDO
LPSOHPHQWDWLRQ(QHUJ\DQG%XLOGLQJVSS±
>@0DUV]DO$ - +HLVHOEHUJ 3 %RXUUHOOH - 60XVDOO (9RVV. 6DUWRUL ,











(OHFWULFLW\ *HQHUDWLRQ LQ WKH (8 IURP  ,QWHUQDWLRQDO
,QVWLWXWHIRU6XVWDLQDELOLW\$QDO\VLVDQG6WUDWHJ\
>@.XUQLWVNL - $OODUG ) %UDKDP'*RHGHUV *+HLVHOEHUJ 3 -DJHPDU /




>@ %XVR7&RUJQDWL 6 3'HUMDQHF]$.XUQLWVNL - /LWLX$1HDUO\ =HUR
(QHUJ\+RWHOV5(+9$-RXUQDO-DQXDU\




>@0DUFKHVL0 .LP 6*0DWW ' $SSOLFDWLRQ RI WKH $[LRPDWLF 'HVLJQ
$SSURDFK WR WKH'HVLJQRI$UFKLWHFWXUDO6\VWHPV3URFHGLQJVRI WKHWK
,QWHUQDWLRQDO&RQIHUHQFHRQ$[LRPDWLF'HVLJQ:RUFHVWHU0$
>@ 0DUFKHVL 0 )HUQiQGH] - ( 0DWW ' .LP 6* $[LRPDWLF 'HVLJQ
$SSURDFKIRUWKH&RQFHSWXDO'HVLJQRI6XVWDLQDEOH%XLOGLQJV3URFHGLQJV
RI WKH WK ,QWHUQDWLRQDO &RQIHUHQFH RQ $[LRPDWLF 'HVLJQ 8QLYHUVLGDGH
1RYDGH/LVERD3RUWXJDO






WKH 'HVLJQ RI +9$& 6\VWHPV 7KH )LIWK ,QWHUQDWLRQDO &RQIHUHQFH RQ
$[LRPDWLF'HVLJQ&DPSXVGH&DSDULFD3RUWXJDO
>@$6+5$($6+5$()XQGDPHQWDOV&KDSWHU
>@7KH3RUWXJXHVH*RYHUQPHQW'HFUHH/DZLQSRUWXJXHVH
>@&(1(19HQWLODWLRQIRUQRQUHVLGHQWLDOEXLOGLQJV±3HUIRUPDQFH
UHTXLUHPHQWVIRUYHQWLODWLRQDQGURRPFRQGLWLRQLQJV\VWHPV
